In assessing the impact of geological environment on the pipeline it is important to note that its destructive effect could be substantially neutralized at a stage of pipeline's design and construction. However, at these stages it is impossible to conduct the qualitative and quantitative assessment of the overall effect of the adverse natural factors. The extent and direction of the effect of these factors can be determined only after the comprehensive prospecting and special engineering work. In the stationary pipeline regimes, the impact of geological environment is minimized and has little effect on the safety and longevity of pipeline operation. However, there is always the risk that the geological conditions behave in an un-controlled manner, with real threats of damage and destruction. The factors that influence negatively on the safe functioning of the pipelines are as follows:
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In assessing the impact of geological environment on the pipeline it is important to note that its destructive effect could be substantially neutralized at a stage of pipeline's design and construction. However, at these stages it is impossible to conduct the qualitative and quantitative assessment of the overall effect of the adverse natural factors. The extent and direction of the effect of these factors can be determined only after the comprehensive prospecting and special engineering work.
In the stationary pipeline regimes, the impact of geological environment is minimized and has little effect on the safety and longevity of pipeline operation. However, there is always the risk that the geological conditions behave in an un-controlled manner, with real threats of damage and destruction. The factors that influence negatively on the safe functioning of the pipelines are as follows:
• the water-erosive processes within the premises of the pipelines related to the temporary and permanent streams; • existence of the perpetually frozen and seasonally frozen grounds and various cryogenic processes;
• gravitational processes related to the ruggedness of the relief;
• tectonic and seismic processes in the different rheological mediums.
We propose the general method and computer modeling to define the stress-strain state of the system "geological environment-pipeline" and an assessment technique for the impact of the cryogenic processes, flows, landslides and temperature fluctuations on the pipelines. Two related problems were studied: the stress-strain state of the environment with the pipeline, and the stress-strain state of the environment under the gravity and humidity influence. In both cases the Modified Boundary Element Method was used. In addition, for the first problem the modification of the iterative method of elastic solutions was applied. 
Methods

Methods of the research of the system "GEOLOGICAL ENVIRONMENT-PIPELINE"
Mathematical model and algorithm
The forecast of the qualitative and quantitative characteristics of the geological environment and assessment of their impact on the pipeline are underpinned by using mathematical models of the stress-strain state. 1. Pipeline-environment stress-strain state problem. Mathematical modeling and stress-strain state evaluation were carried out using authors approach for solving this kind of problems (Lavrenyuk et al., 1996) .We studied the problem of the stress-strain state of the pipeline located in the heavy medium.
Given fragment of a pipeline (sectional view).
Estimation has been undertaken of the mechanical forces affecting the pipeline due to the freeze-thaw effects of the ground regime, especially the volumetric effects caused by these processes. The main factors that result in the pressure on the pipeline are as follows: (i) the impact of gravitation on the pipeline (the weight of the medium); (ii) the impact of the forces arising due to the volumetric expansion of the water-saturated environment during freezing; (iii) the impact of loads from the pipeline warping; (iv) the differences in the temperature of the heated pipeline and of the surraunding area; (v) the internal pressure of the gas in a pipeline (Shevchuk et al., 2006) . Stresses and strains obey the Duhamel-Neumann law: 3
where ( )
Elastic equilibrium equations for considered system, subjected to gravitation, warping, frost injury, and temperature field can be written down as follows:
, , ,
Boundary conditions in stresses:
Contact conditions in stresses on the boundary pipe-medium:
The system of boundary integral equations for matrix ( ) ( )
and for the inclusion
is solved using modified Boundary Element Method (Lavrenyuk et al., 1996) which allows to define all stresses and displacements at once. The problem of the stress-strain state of pipeline fragment subjected to bending due to the influence of waterflows, mudflows, underground flows, etc. is adjacent to the above considered problem and can be solved separately using stress analysis of the pipeline bending when treating pipeline as a beam.
2. Stress-strain state of fragment of geological environment under influence of humidity and gravity. We assume humidity distribution in the given fragment is known and problem can be considered as two-dimensional, i.e. we look at the section of our fragment. Hence if we know dependence of the elastic characteristics of the given region upon the humidity we can build iterative process of solving the sequence of problems for 2D elastic homogeneous region, where all inhomogeneity is treated as pseudo-mass forces. We also assume that rheologic law holds:
where ( ) ( ) ( )
, a is humidity change coefficient and h is consistency of deposits.
Differentiating this relation, we obtain equilibrium equation in displacements:
0
Finally we have:
where
Thus we have iterative scheme, k -th step of it looks like this:
This system can be transformed into a system of boundary integral equations with the help of Somigliana formula. Hence on each step of iterative process we have homogeneous problem, where all the unhomogeneity is accounted in the surface integral and in the boundary conditions. We solve this system with the help of modified Boundary Element Method (Lavrenyuk et al., 1996 , Krishnasamy et al., 1994 , Zhang et al., 2001 , Dong et al., 2002 . As the result, we obtain the system of linear algebraic equations; its solution gives us the distribution of stresses and displacements on the boundary of considered region. To calculate the stresses in internal points for the k -th iterative step we use Somigliana formula.
The iterative process runs until condition
Example of cryogenic effect assessment
One of the developed modules based on the above described algorithm assumes an assessment of the impact of cryogenic processes on the pipeline complex.
Estimation has been considered of the mechanical forces acting on the pipeline due to the freeze-thaw effects of the regime of grounds, especially the volumetric effects caused by these processes. From the research and the development of the program algorithm the main factors that result in loading on the pipeline are follows: а) the influence of gravitation forces on the pipeline (the weight of environment); b) the influence of the forces arising owing to volumetric expansion of the water-saturated environment during freezing; c) the influence of loads from pipeline warping; d) the influence of temperatures differences of the heated pipe and its environment; e) the influence of internal pressure of gas in a pipe.
To demonstrate this impact we propose here, as an example, the computation of the stress intensity of the ground stress on the pipe edge (Figure 2) . We study the system "pipe -geological environment" with the following parameters. The type of the rock is frozen sand (modulus of general deformation 22500 MP, Poisson ratio 0.41, density 1750 kg/m 3 ). The force parameters of warping are changing from 20 to 90 sm, frost injury 3 %, depth of pipe deposition 2 m, distance from source of warping 2 m, pipe thickness 0, 0186 m, pipe radius 0,71 m. The stress intensity on the external pipe edge ranging from 514,03 MP to 970, 48 MP. The intensity of the ground stress on the pipe edge ranging from 492,8 MP to 995 MP.
The changes of the ground stress intensity on the pipe edge.
Example of the numerical evaluation of stresses for the area with saturated layers
One of the developed modules bases on above described algorithm assumes an assessment of the impact of water saturation processes on the area with the slope. To demonstrate the impact of saturation effects the main stresses 2 s values distribution in the given area are shown (Figure 3 
Assessment of the streams impact on the pipeline
Numerical models were created to take into account the influence of streams, their effect on viscous and viscous-plastic mediums within geological environments, and subsequently on the pipeline. Estimation of the influence of various types of streams on pipelines, the program module calculates hydrodynamic load on its cross section, set within a stream of viscous and viscous-plastic mediums. Experimental and theoretical research have allowed solution of the levels hydrodynamic forces acting on a pipe, and determine the limiting critical loads.
Examples of the streams impact on the pipeline
Classification of various types of flows for the assessment of there impact on pipelines Algorithm (condensed version)
Reynolds number is the typical parameter for the estimating the hydrodynamic load on pipeline's cross section: 
MODULE "MUDFLOWS"
The algorithm calculating the mudflow impact on engineering objects in Carpathians has been developed. It based on the empiric data and fundamental hydrodynamic lows. Calculating module for the external medium loading estimations has been proposed. Module allows the simulating mudflow effects on techniques objects in Carpathians. Parameters of mudflows and geologicalgeomorphological and hydrometeorological data have been considered.
Mudflows and their impact on engineering objects in Carpathians
Algorithm (condensed version) The problem of the stress-strain state of pipeline fragment subjected to bending due to the influence of waterflows, mudflows, underground flows, etc. is adjacent to the above considered problem and can be solved separately using stress analysis of the pipeline bending when treating pipeline as a beam.
Stress analysis of the pipe bending
Conclusions
The general technique of assessment of the stress-strain state of the system "geological environmentpipeline" that is subject to hazardous geological processes has been proposed. It is based on the numerical-analytical algorithms of stresses and displacements calculations in inhomogeneous objects. These algorithms are applying the modified boundary elements method. They allow to assess the impact on the pipeline of the different factors of geological environment. Application of the developed modules integrated in the pipeline GIS will allow to carry out timely calculations of the stress-strain state of the trans-pipeline system in order to minimize risks of the non-controlled behavior of such systems.
